Abstract In circadian terms, human ontogeny is characterized by the emergence of a daily pattern, from a previous ultradian pattern, for most variables during the first 6 months of life. Circadian aging in humans is characterized by a phase advance, accompanied by rhythm fragmentation and flattening. Despite an expanding body of literature focused on distal skin temperature, little information is available about the ontogeny and practically nothing about age-related changes in this rhythm. Thus, the aim was to evaluate the degree of maturation and aging of the circadian pattern of distal skin temperature to identify those parameters that are modified throughout life and could be used to differentiate subjects according to their age. For this, distal skin temperature was measured in 197 volunteers (55 % women), including babies aged 15 days (30 subjects), 1 month (28 subjects), 3 months (31 subjects), and 6 months (10 subjects); young adults aged 19 years (37 subjects); middle-aged persons aged 46 years (27 subjects); older people aged 72 (34 subjects). Circadian system maturation was associated with an increase in amplitude and a reduction in skin temperature during sleep. During adulthood, women showed a more robust pattern (lower fragmentation, and higher night-time temperature, amplitude, circadian function index, and first harmonic relative power); however, these differences were lost with aging, a period of life that was consistently associated with a phase advance of the rhythm. In summary, distal skin temperature pattern can be used as a robust variable to discern between different ages throughout the life.
Introduction
The circadian system (CS) consists of a network of structures involved in the generation, maintenance, and synchronization of circadian rhythms (Stratmann and Schibler 2006) . As occurs with other systems, the CS matures during ontogeny and exhibits a progressive loss of functionality associated with aging (McGraw et al. 1999; Turek et al. 1995) .
Newborn rhythms show an ultradian pattern (with a period of around 2-4 h), which seems to be the result of the expression of an uncoupled multioscillatory CS, which would be coupling by synaptogenesis to reach the circadian oscillation before the 6 months of age emerging as CS matures (McGraw et al 1999; Weinert 2005; Zornoza-Moreno et al. 2011) . During the adulthood, CS is mature, but gender differences appear during this period related to chronotype (Adan and Natale 2002) . Finally, aging is associated with a phase advance, fragmentation, and flattening of marker rhythms (robust, easy-to-register, noninvasive, and comfortable circadian rhythm driven by the circadian pacemaker) (Hofman and Swaab 2006; Van Someren et al. 1999) .
The importance of the CS is becoming increasingly recognized in clinical medicine. In newborns and infants, delayed circadian maturation may be caused by an early deficiency in exposure to environmental synchronizers or by impaired neural development (Rivkees 2003) . In adults and older people, circadian disruption is associated with increased morbidity and mortality due to aging and certain pathologies, such as metabolic syndrome, cancer, cognitive and affective disorders, sleep impairment, and cardiovascular events (Garaulet et al. 2010; Reiter et al. 2007 ). Thus, the development of reliable and noninvasive means to assess CS functionality in subjects in their own home environment has become an imperative.
To assess the CS, certain marker rhythms have been proposed. The most used marker rhythms are melatonin and cortisol secretion, core body temperature (CBT), and activity (Van Someren 2000) . Besides, distal skin temperature (DST) has recently been proposed as a noninvasive, robust, comfortable, and easy-to-register tool for CS assessment (Blazquez et al. 2012; Bonmati-Carrion et al. 2014; Kräuchi 2002; Kräuchi et al. 2005; Martinez-Nicolas et al. 2013 Romejin and Van Someren 2011; Zornoza-Moreno et al. 2011) . Moreover, DST has been suggested as a major regulator of CBT, since DST is the result of peripheral vasodilatation in response to nocturnal sympathetic inhibition (Blazquez et al. 2012; Buijs et al. 2003; Kräuchi et al. 2006; Martinez-Nicolas et al. 2014) .
A growing body of evidence indicates that DST is a noninvasive, reliable, and comfortable tool to evaluate the CS under various conditions, in both clinical and nonclinical settings and for newborns, healthy young subjects and subjects suffering from obesity and metabolic syndrome, and non-dipping blood pressure pattern (Bandin et al. 2012; Bonmati-Carrion et al. 2014; Kräuchi 2002; Martinez-Nicolas et al. 2013 Zornoza-Moreno et al. 2011) . However, little information is available about its ontogeny and next to nothing about age-or sex-related changes in DST.
The aim of this study was to determine, together with its masking factors, distal skin temperature rhythm maturation and aging in order to identify the most reliable rhythmic parameters of the temperature rhythm to differentiate subjects according to their age.
Material and methods

Participants
The study consists of two parts. The first one is focused on the ontogeny of the circadian rhythm of distal skin temperature using the data from 15-day-old to 6-monthold babies, since DST rhythm has been described to appear in the third month of life (Zornoza-Moreno et al. 2011 ). Aging will be addressed in the second part of the study, using young, middle-aged, and elder volunteers.
Thus, a total of 197 Caucasian volunteers, ranging from newborns (15 days of age) to older people (85 years of age) of both sexes (55 % female), participated in this cross-sectional study. All the recordings were made from October to April. The population was divided in seven groups according to age: (1) 30 newborns (50 % female, 15 days old), (2) 28 1-month-old babies (53.6 % female), (3) 31 3-month-old babies (54.8 % female), (4) 10 6-month-old babies (60 % female), (5) 37 young adults (51.4 % women, 19±1 year old), (6) 27 middleaged adults (77.8 % women, 46±2 years old), (7) 34 older people (41.2 % women, 72±1 year old). Young and middle-aged groups were university students and workers, respectively. Women from these groups showed regular menstruation, while older people were retired. All participants were healthy, no shift or night workers, mainly sedentary (less than 2 h of exercise per week), with no physical conditions that disturbed their sleep (e.g. asthma, restless legs, and sleep apnea) and who did not travel recently across multiple time zones according to their answers in a personal interview. During the experiments, which took place in the cities of Murcia and Toledo (Spain), the participants were encouraged to maintain their usual life styles. The study abides by the bioethical principles set out by the Declaration of Helsinki. Data from the volunteers were included in a database and were protected according to Spanish law 15/1999 of 13 September. All participants received the appropriate information about the study characteristics and signed an informed consent before their inclusion in the study.
Temperature measurement
All adults wore a Thermochron iButton DS1921H (Dallas, Maxim) for skin wrist temperature measurement, which had a precision of ±0.125°C. This temperature sensor was placed on the wrist of the nondominant hand over the radial artery and isolated from the environmental temperature by a double-sided cotton sport wrist band, as previously described (Martinez-Nicolas et al. 2013) . The babies wore the device inside a sock to isolate it from the environmental temperature, as previously described (Zornoza-Moreno et al. 2011) . All devices were programmed to sample once every 10 min, and they were worn for three (in the case of babies) or seven consecutive days (remaining groups).
Data analysis
Circadianware™ v7.1.1 (Sosa et al. 2010 ) was used to analyze the distal skin temperature rhythm for each subject. This software enables the calculation of the main rhythmic parameters of a time series. Briefly, the Cosinor was applied to calculate the mesor, amplitude, acrophase (Fig. 1a) , and percentage of variance explained by the cosine wave (%V). A Rayleigh test, chi-square periodogram, Fourier analysis with the first 12 harmonics, and the circadianity index (calculated as first harmonic power/sum of 12th harmonics power, it measures the relative power of the circadian component compared with the ultradian components) were also calculated, in a similar way to that described before (Zornoza-Moreno et al. 2011) . All above described parameters, excepting chi-square periodogram, assume that the rhythm is sinusoidal, and all of them have been previously used for assessing the coupling of the CS.
Because the wrist temperature (WT) rhythm has a shape that is far from sinusoidal in many subjects, a nonparametric analysis was performed as described by Van Someren et al. (1999) . This analysis permits the calculation of interdaily stability (IS, the consistency of the 24-h rhythmic pattern over days), intradaily variability (IV, the rhythm fragmentation), the hourly average during 2 consecutive hours, along with the minimum temperature (L2) and its timing (TL2), the hourly average during 5 consecutive hours, along with the maximum temperature (M5) and its timing (TM5), the hourly average during 10 consecutive hours, along with the minimum temperature (L10) and its respective timing (TL10), and the relative amplitude (RA) determined as the difference between M5 and L10, divided by the sum of M5 and L10, and the circadian function index or CFI, as previously described . Phase markers (TL2, TM5, and TL10) and their respective average temperature values (L2, M5, and L10) are outlined in Fig. 1b . All the variables previously described were individually obtained from each subject; then they were averaged according to age group to obtain its mean value. In order to facilitate the description of the results and as it can be observed in Fig. 1 , the mean pattern of DST rhythm was divided in four main phases: (i) a morning decrease (0800-1500 hours) starting immediately after awakening, (ii) a secondary peak in the afternoon, coinciding with the postprandial period (1500-1800 hours), (iii) an evening decrease (1800-2300 hours), associated with the Bwake maintenance zone^, and (iv) a nocturnal plateau (2300-0800 hours) of high DST, associated with the main sleep period.
In order to differentiate age groups, the interrelationship among variables was separated by a principal component analysis. With the most explanatory variables, a bivariate diagram was performed using Qp and TL10. However, the obtained diagram did not explain linearly both processes. Thus, two additional principal component analyses were performed (one for ontogeny and other for aging), and the variables with the strongest relationships with chronological age and the least possible interrelationship between them were selected. Thus, ontogeny relative amplitude and mesor were selected while mesor and acrophase were selected for aging.
Finally, the statistical computing software R 3.0.0 was used to perform a one-way ANOVA to evaluate differences among age groups, followed by a Bonferroni post hoc pairwise comparison, which is appropriate. To analyze the effects of sex and age and any possible interaction between them, a two-way ANOVA was performed. When only two groups were compared (for example, to test for differences by gender in each age group), a Student's t test was performed. In all cases, p<0.05 was considered to be statistically significant.
Results
To check the correspondence between parametric and nonparametric indexes, correlation analyses were performed, which found no equivalence for regularity in the rhythmic pattern, since IS was only slightly correlated with the Rayleigh test (r=0.27, p<0.001). Rhythm fragmentation, calculated as IV, was significantly correlated with the circadianity index (r=−0.40, p<0.001).
Relative amplitude showed an almost perfect correlation with cosinor amplitude (r=0.98, p<0.001), whereas the timing of M5 (TM5) was closely correlated with the cosinor acrophase (r=0.65, p<0.001). Thus, the pairs IV-circadianity index, RA-cosinor amplitude, and TM5-cosinor acrophase can be considered to be similar indexes for nonparametric and sinusoidal fitting procedures, respectively. However, it should be noted that the Rayleigh test and IS measure different aspects of regularity.
Distal skin temperature exhibited a daily rhythm from the very first days of life (Fig. 2) . From 3 months of age onwards, this variable maintained a generally very stable daily pattern throughout the rest of life. During ontogeny, a progressive increase in circadian amplitude was observed (Fig. 2a-d) , whereas aging is characterized by a gradual phase advance and the loss of the evening decrease associated with the wake maintenance zone (Fig. 2e-g ).
Circadian maturation between 15 days and 6 months of age was associated with a progressive decrease in the mesor of DST, together with a significant reduction in nocturnal M5 and a more pronounced decrease in diurnal L10. The ontogeny of DST was also related with a significant increase in the amplitude of the 24-h circadian component and the circadianity index. A significant increase was also observed in the case of the IS, together with a decrease in rhythm fragmentation (IV). However, no significant changes were observed in any of the circadian phase markers: TL10, TM5, cosinor acrophase, or TL2 (Table 1 , Fig. 2a-d) .
Contrary to the changes observed in the ontogeny of the DST rhythm, aging was characterized by the advance of several phase markers, together with an increase in rhythm stability, without affecting overall amplitude and fragmentation (Table 2 , Fig. 2e-g ). Significant phase advances were observed in older people, as indicated by the cosinor acrophase and the nonparametric acrophase calculated as TM5. Another significant change associated with age is the loss of the evening decrease in WT, together with a sharper decrease in WT during the morning. These changes affect TL2, which shifts from evening hours in young people and adults to morning hours in aged people. Consequently, the timing of L10 also shows a phase advance with age. An increase in IS was also observed, reflecting the regularity of the lifestyle of aged people with respect to young and mid-aged adults ( Table 2) .
The general principal component analysis showed a strengthening of the circadian pattern, as assessed by χ 2 periodogram power (Qp) and circadianity index, with weak (circadianity index, r=0.321, p<0.001) to moderate relationships (Qp, r=0.532, p<0.001), a decrease in the temperature level (evaluated by mesor or M5) with Fig. 2 Daily patterns of DST. Mean waveforms for 15-day-old newborns (a, n=30), and at 1 month of age (b, n=28), 3 months of age (c, n=31), 6 months of age (d, n=10), young people (e, n=37), middle-aged adults (f, n=27), and older people (g, n=34) . All data are expressed as mean±SEM weak negative relationship (mesor, r=−0.305, p<0.001; M5, r=−0.395, p<0.001), and a phase advance (according to the acrophase, TL10, TM5, and TL2) with a weak relationship (acrophase, r=−0.369, p<0.001; TL10, r= −0.386, p<0.001; TM5, r=−0.378, p<0.001; TL2, r= −0.425, p<0.001). Using the two best parameters for circadian pattern strengthening and phase advance (Qp and TL10), a bivariate diagram was plotted in Fig. 3a , showing a circadian pattern enhancement from infancy to middle-aged adults with a tendency to phase advancing with increasing age with the exception of young adults.
To focus on ontogeny of the CS, a principal component analysis was performed for groups from 15 days to 6 months. First, it indicated a decrease in the temperature level (evaluated by either the mesor, L10, M5, or L2) with moderate (M5, r=−0.501, p<0.001) to strong negative relationships (mesor, r=−0.730, p<0.001; L10, r=−0.726, p<0.001; L2, r=−0.682, p<0.001). The following step found significant increases in both amplitude measurements (amplitude and RA), with a moderately positive relationship (amplitude, r=0.557, p<0.001; RA, r=0.599, p<0.001) as age increased. Using a bidimensional diagram to plot the two best parameters for temperature level and amplitude (mesor against RA), it was possible to discriminate age classes according to a general pattern of temperature rhythm maturation (Fig. 3b) . This diagram showed that 15-and 30-day-old infants have quite similar patterns, since Qp, the relative amplitude and acrophase values, overlaps for both groups (Fig. 3a-c) . Three-month-old babies evidence more mature patterns, and 6-month-olds are almost mature as can be inferred by the gradual proximity of their values to that observed in adult groups, (Fig. 3a, b ) while adult and older groups reduced the values for Qp, RA, and show a phase advance to that observed in previous stages.
To distinguish among the aging groups (young, middle-aged, and older adults), another principal component analysis was performed. On this occasion, it showed that the acrophase, TL2, TM5, and TL10 phase markers were the best correlated with age, evidencing Mesor, amplitude, acrophase, Rayleigh vector, explained variance by a sinusoidal wave (%V), interdaily stability (IS), intradaily variability (IV), relative amplitude (RA), night, day and wake maintenance values (M5, L10 and L2 respectively) and their corresponding timing (TM5, TL10, and TL2 respectively), circadian function index (CFI), circadianity index, and the power of the chi square periodogram for a period of 24 h (Qp) for the four groups of neonates (15 days, 1 month, 3 months, and 6 months of age). All indexes are expressed as mean±SEM, and different letters indicate significant differences among age groups (one-way ANOVA and Bonferroni post hoc pairwise comparisons, p<0.05) strong (acrophase, r=−0.628, p<0.001) and moderately negative correlations (TL10, r=−0.579, p<0.001; TL2, r=−0.575, p<0.001; TM5, r=−0.444, p<0.001). In the second step, temperature level (evaluated by mesor and L10) showed significant increases with age, with a weak relationship (mesor, r=0.354, p<0.001; L10, r=0.302, p<0.001) Thus, a bidimensional diagram once again plotted the best phase and temperature level markers, acrophase and mesor, to discriminate aged people from the remaining age classes (Fig. 3c) , while babies reduced their mesor with almost no changes in acrophase. A low relative amplitude (lower than 0.2), high mesor (higher than 34.5°C), low χ 2 periodogram power (lower than 235), and phase delay (TL10 after 1640 hours and acrophase after 0430 hours) correspond with 15-day-old and 1-month-old groups. For 3-monthold group, a little bit higher χ 2 periodogram power (between 235 and 250), a mesor between 33.75 and 33.81°C, relative amplitude between 0.15 and 0.35, an acrophase placed between 0230 hours and 0430 hours, and TL10 between 1500 hours and 1630 hours were found. In the case of 6-month-old babies, the χ 2 periodogram power was higher in younger babies (between 240 and 290); high relative amplitude (higher than 0.4), low mesor (lower than 33.3°C), with the TL10 between 1535 hours and 1635 hours, and the acrophase between 0130 hours and 0430 hours were detected. Young adult group showed a χ 2 periodogram power between 350 and 395 units, mesor between 33.15 and 33.3°C, relative amplitude between 0.25 and 0.40 and delayed phase for TL10 (1650 hours to 1740 hours), and acrophase (0428 hours to 0512 hours). χ 2 periodogram power was high in middle-aged adults (higher than 485), mesor was between 33.6 and 33.8°C, and relative amplitude was between 0.24 and 0.29 and experienced a phase advance in acrophase (between 0254 hours and 0330 hours) and TL10 (from 1240 hours to 1540 hours) compared to young adults (p < 0.05). The older adult group reduced its χ 2 periodogram power between 420 and 475; the mesor was between 33.53 and 33.75°C and relative amplitude between 0.22 and 0.27. Finally, the aged adult group Mesor, amplitude, acrophase, Rayleigh vector, explained variance by a sinusoidal wave (%V), interdaily stability (IS), intradaily variability (IV), relative amplitude (RA), night, day and wake maintenance values (M5, L10, and L2 respectively) and their corresponding timing (TM5, TL10, and TL2 respectively), circadian function index (CFI), circadianity index, and the power of the chi square periodogram for a period of 24 h (Qp) for the three adult groups (young, middle-aged, and older people). All indexes are expressed as mean±SEM, and different letters indicate significant differences among age groups (one-way ANOVA and Bonferroni post hoc pairwise comparisons, p<0.05).
was phase advanced compared to the other groups with the acrophase earlier than 0105 hours and TL10 earlier than 1305 hours as can be deduced from Fig. 3 . Regarding gender differences in the DST rhythm, M5 was the only variable that showed a statistically significant increase in women, while for the remaining variables, the differences were due to age (Table 3) . However, it is interesting to note that when considering both age and gender, statistically significant differences by gender were only observed in young people (Table 3) . In general, all indexes associated with circadian robustness (i.e., cosinor amplitude, %V, IV, RA, M5, and CFI) showed stronger values in young women than in young men, and most circadian parameters (mesor, amplitude, acrophase, IV, RA, L10, L2, TM5, TL10, and TL2) were statistically different between young and aged women. In men, all phase markers (TL2, TM5, and TL10) became phase advanced as age increased, and IS, CFI, and Qp were statistically higher (p<0.05) in older men.
Discussion
We propose that the peripheral skin temperature rhythm can be used as a reliable and simple procedure to discern between age groups in normal-living subjects. Circadian rhythm maturation in babies is characterized by a progressive decrease in DST during the rest period, together with an increase in rhythm amplitude, but with no changes in phase markers. However, strong phase advances without significant changes in rhythm amplitude have been shown to characterize aging. Gender differences were found in adults, with women generally exhibiting better circadian robustness than men; however, these gender differences disappeared in older people.
Our results indicate that cosinor amplitude and RA can be used interchangeably and produce equivalent results. Similarly, cosinor acrophase and TM5 render a good level of agreement when used as phase markers, and the circadianity index and IV can both be considered adequate indexes for rhythm fragmentation. In addition, the weak correlation observed between the Rayleigh test and IS was expected, since the Rayleigh test is a measure of the stability of the acrophase, while IS quantifies the consistency of the pattern between days.
Distal skin temperature is driven by the central pacemaker (Bonmati-Carrion et al. 2014; Kräuchi et al. 2005; Kräuchi et al. 2006; Martinez-Nicolas et al. 2013 Sarabia et al. 2008 ) showing a strong endogenous component after mathematical demasking or under constant routine protocol (Krauchi and WirzJustice 1994; Kräuchi et al. 2006; Martinez-Nicolas et al. 2013) , although as occurs with core body temperature, melatonin, or sleep rhythms, it is masked by external factors such as activity, sleep, light, environmental temperature, or body position (Cajochen et al. Besides, DST reflects the endogenous rhythm of sympathetic-parasympathetic activation on vessel lumen diameter, in relation to day activity and night rest, respectively (Charkoudian 2003) .
Globally, the CS advances its phase and increases the 24-h harmonic power over the years. However, phase advancing was paused by a phase delay in a point between the 6-month-old babies and young adults that presumably could occur during the adolescence (Roenneberg et al. 2007) . Regarding the enhancing of the first harmonic, it was consistently increased in all the groups with the exception of older people, probably due to the disruption of the CS by rhythm fragmentation as described for sleep and activity (Van Someren et al. 1999) .
Although a 24-h rhythm is already present in newborns at 15 days and 1 month of age, the predominance of ultradian rhythmicities (assessed by the circadianity index) and the very low amplitude suggest that exogenous masking effects could be primarily responsible for the DST rhythm. Environmental light and temperature, together with the behavioral influences of parental care (Worobey et al. 2009 ), could induce the weak circadian rhythmicity observed in these newborns. At 6 months of age, most infants show a robust daily pattern, which resembles that of adults. It is characterized by a higher circadianity index and amplitude than that of 15-day-old and 1-month-old babies, reaching values similar to those observed in adults. At 3 months of age, infants show some characteristics of immature circadian rhythms and other characteristics that make them more similar to 6-month-old infants, suggesting that this period can be considered as the inflection point for CS maturation. In fact, 3 months of age is a period characterized by high variability in the rate of circadian maturation. It has been suggested that these differences in circadian rhythmicity development depend on parental care rhythms and environmental conditions (Rivkees 2003; Worobey et al. 2009 ). Thus, it is likely that infant exposure to bright light during the day, darkness during Mesor, amplitude, acrophase, Rayleigh vector, explained variance by a sinusoidal wave (%V), interdaily stability (IS), intradaily variability (IV), relative amplitude (RA), night, day and wake maintenance values (M5, L10, and L2 respectively) and their corresponding timing (TM5, TL10, and TL2 respectively), circadian function index (CFI), circadianity index, and the power of the chi square periodogram for a period of 24 h (Qp) for young and older people, separated by gender. All indexes are expressed as mean±SEM. * indicates statistically significant age differences for each gender, whereas # indicates statistically significant gender differences for each age group as assessed by a Student's t test (p<0.05). The main effects by age and gender were assessed by a two-way ANOVA (see the last column, labelled as global differences) the night, and regularity of environmental cues promotes an earlier and more robust appearance of circadian rhythmicity (Rivkees 2003) .
Some of the most evident characteristics of DST in youngsters are the significant differences observed in most rhythmic parameters associated with gender, with women exhibiting greater levels of regularity, amplitude, circadianity index and CFI, and lower fragmentation than men. However, these gender differences disappear in older people. Sleep habits and chronotype scores have also been documented to differ between young men and women, with healthier sleep patterns and higher morningness scores in women than in men (Azevedo et al. 2008; Roenneber et al. 2007 ). Differences in hormonal status could be responsible for such differences, although other factors related to the lifestyle of young people may also be responsible (Roenneber et al. 2007) .
Although there is a trend towards reduced amplitude and increased rhythm fragmentation in older people as compared to young adults, these differences were not statistically significant; however, consistent and very significant effects were observed for all circadian phase markers, with progressive phase advances as people age. A decrease in the regularity of lifestyle and thus in IS was also expected; however, our results and those of others fail to support this expectation (Minors et al. 1998) . Older people try to adapt lifestyles with increasing regularity that counteracts the CS deterioration that occurs with aging.
As mentioned before, DST failed to show reduced amplitude in older people as expected. It has been published that many circadian rhythms show decreased amplitude with aging under constant routine conditions Harper et al. 2005) . This decline may be the result of a decrease in the endogenous component of the rhythm. The fact that our results do not show a statistically significant amplitude reduction can be explained by the compensatory effect of an increase in lifestyle regularity associated with aging. It is true that in our study, no masking factor monitoring was included and thus, the detailed causes of the age-dependent changes cannot be elucidated, including thermoregulatory changes (although thermoregulation itself is also modulated by CS).
Judging from our results and those of others, it is clear that aged individuals show a tendency to become more morning-oriented than young people (Roenneberg et al. 2007 ). Again, it can be argued that endogenous (body clock) or exogenous (lifestyle timing) contributions or a combination of both may explain this phase advance. In terms of the endogenous component, there is some evidence of a shorter free-running rhythm for core temperature in older people under a constant routine protocol Harper et al. 2005) . However, other studies have failed to find a significant phase advance in aged people when studied under these experimental conditions (Kendall et al. 2001 ). Although we cannot discard the possibility that their body clock is simply running faster, more reliable explanations take into account the exogenous contribution to circadian rhythms. It is likely that many aged individuals go to bed early because (a) their poor eyesight limits what they can do, (b) they may be exposed to lower light intensities during the afternoon and evening, (c) they become tired more easily during the second half of the day, or (d) their declining mental faculties mean that they get bored more easily (Waterhouse et al. 2012) .
Whatever the endogenous or exogenous causes of CS impairment in older people, it is clearly appropriate to include procedures in their lifestyle to increase the dichotomy or contrast between daytime activities during the active phase and to promote sleep during the rest phase. To this end, activities such as exposure to bright light, outdoor physical activity during the day, daytime mental activities, and increased artificial lighting levels (particularly during the afternoon and early evening) should be scheduled. In addition, older people should be advised to sleep in complete darkness (light must be only available as necessary for safety and care needs) and to remain in conditions of darkness or dim light when awakened during the night.
Conclusions
In summary, it has been shown that circadian pattern of DST maturation is associated with an increase in circadian rhythm amplitude and a reduction in skin temperature during sleep, whereas aging is more consistently related to a phase advance. The DST rhythm can be used as a robust variable to discern among maturation and aging groups.
